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[57] ABSTRACT 

An integrated circuit for detecting harmonic lock of a 
phase-locked loop includes a frequency synthesizer for 
receiving a reference clock signal and for generating an 
oscillator clock signal. A phase generator receives the 
oscillator clock signal and generates a phase of the oscil- 
lator clock signal. A shift register receives as an input 
the reference clock signal and is clocked by the phase of 
the oscillator clock signal to produce an output that is a 
repetitive sequence of logic states. In an alternate em- 
bodiment, a harmonic decode circuit decodes the shift 
register output to determine which harmonic the phase- 
locked loop has locked onto. 

18 Claims, 2 Drawing Sheets 
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uADM^TrnTn/w w*™^™^ FIG ' 4 » a graphical diagram showing the second 

HARMONIC LOCK DETECTOR harmonic and quadrature signal as well as the shift 

register output; 

TECHNICAL FIELD FIG. 5 is a graphical diagram showing the third har- 

This invention relates generally to integrated circuits 5 momc 311(1 quadrature signal as well as the shift register 

having a frequency generator and in particular to a output; 

harmonic lock detector circuit for detecting whether a FIG. 6 is a graphical diagram showing the fourth 

frequency generator has locked to a harmonic fre- harmonic and quadrature signal as well as the shift 

quency. register output; and 

10 FIG. 7 is a graphical diagram, similar to FIG. 3. 

BACKGROUND OF THE INVENTION showing harmonic lock detection using a phase other 

Frequency synthesizers are used to expand a clock iban a £ l uadrature P^ase. 

signal or to generate a high frequency clock signal from DETAILED DESCRIPTION 

a low frequency reference clock signal. Upon being - 

initially powered, frequency synthesizers are permitted 15 Referrin g to FIG a schematic diagram illustrating 

to oscillate and settle into a frequency of operation. a . fire ? Ufillc y generation and harmonic lock detector 

Frequency synthesizers use a phase-locked loop that vucmt 10. The frequency generation and harmonic lock 

includes a phase detector to determine whether the ^ cuit *° includes a frequency synthesizer 

oscillator is operating at the desired clock signal fre- P™e-locked loop clock generation circuit 12. Clock 
quency, to adjust the oscillator frequency until the de- 20 ff T n ^° n °? Cuit U receives a reference clock signal 

sired clock signal frequency is generated, and to main- CL !r N at a fot fremienc y « an input and generates an 

tain operation of the oscillator at the desired clock sig- oscmator clock signal CLKOUT at a second frequency 

nal frequency. 88 311 out P ut The frequency of the oscillator clock 

Since the phase detector compares the oscillator gen- « signal f &an the frequency of the refer- 

erated clock signal to the reference clock signal only at 25 en Sf cIac f k 

predetermined intervals to ascertain whether the com- ?T ? fe * ence clock ««m1 * coupled to the input of 

pared signals are aligned, the phase-locked loop of a dMd f b ? * ^tf' 14 - ^ output of divide by N 

frequency synthesizer can lock onto a harmonic of the ^^J^^ff^^ f^ e J e J^° T M "V 

desired clock signal because harmonics of the oscillator - n m P u * ®^ ^ the D of flip-flop 18. The output of phase 

generated clock signal exhibit the same characteristics 30 * K f° u P led n to ** mput of oscillator control 

during the predetermined intervals. Alignment of the ' control 20 is coupled to the 

oscillator generated clock signal wiTthHeference ^ f oscillator 22 output of oscillator 22 is the 

condition, to be certain that the frequency synthesizer is „ !L C °^^^ 

generating the desired clock signal frequency A phase- 35 dwlde M « mnler P^vides an output at the same 
locked loop can appear to bfScfc ed on * e dS SfSl^? f ^ " 
clock signal frequency when being harmonlcSy n\ ^ » oo^ as Ihc «- 

locked 6 ' ond input to phase detector 16 and as the input to phase 

Analog circuits to detect harmonic lock are known, „ t^:^ ^ °T"?° f P^.6™ erato ; 

but have been unreliable or complex to implement it* * S„ ^ « i,? 0 ** T*f 18 
desirable to digitally detect harmonic lock&g in a man 2 ^ " provides the output from 

net that is easy to implement and reliable ^ harmonic lock detector circuit 10. Harmonic de- 

t uupKiucui aua reuaoie. code cucwt 28 may be present to decode the output of 

SUMMARY OF THE INVENTION flip-flop 18. The presence of divide by N and divide by 

T _ _ , ... , ,. ... 45 M counters represent the general case. When N and M 

J^EZS"? ™?V an H n : b0 ? m T ° fthe are unity, the circuits may or mayTo* be S*aT 

frjS? T * 0T ?T<X>»g harmonic lock of a fig. 2 shows an alternate embodiment frequency 
frequency generator mcludes a frequency synthesizer generator 12' with a harmonic lock detector. Tterefe? 

2?S A , phaSe g f nerat ? r 50 fl°P » The oscillator clock signal CLKOUT provides 

2^£?SL?2^f? Tk gene £ teS 8 P ^ C ° f ^ 10 6«crato7circuit 26. The output 

oscdlator clock signal. A shift register receives as an 0 f shift register 18 provides the input to a reset 34 which 

E ^ 1 f efere M I C ! C, °f k ^ f* 18 C ! 0cked ^ ^ ^ used to^ontrol frequency generator ^ whe^ the 
^fSSS^^T**^^™ 00 ?* frequency generator idcksoito a harmonic frequency, 
that is a repetmve sequence of lojac states. In an alter- S 5 to force the frequency generator 12' out of harmonic 
nate embodiment, a harmomc decode circuit decodes lock to a lower frequency of operation, 
the shift reg^ter output to determine which harmonic ih operation, parameters M and N are defined based 
the phase-locked loop has locked onto. on the frequency of CLKIN and the desired frequency 

BRIEF DESCRIPTION OF THE DRAWINGS of CLKOUT. As is known in the art, the oscillator 
. „, 60 clock signal is generated to clock integrated circuits on 

i i.?', / schematlc dw ^ am illustrating a phase- a circuit board on which the integrated circuit contain- 
locked loop frequency synthesizer with a harmonic lock ing the harmomc lock detector circuit is mounted. The 

e ^-.° r ^ lrCmt i ^ .., oscillator clock signal has a frequency of (M/N)multi. 

KG. 2 is a schematic diagram illustrating an alternate plied times the frequency of CLKIN when the phase- 
embodiment frequency generator with a harmonic lock 6S locked loop is locked to the oscillator clock signal fre- 
de^torcircmt; quency and a multiple thereof when harmonically 

rlG. 3 is a graphical diagram showing harmonic lock locked. Frequency synthesizer phase-locked loop 12 
detection using quadrature phase; generates the oscillator clock signal CLKOUT that is 
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divided down by divide by M counter 24 for compari- onto the desired clock signal frequency, no oscillator 
son by phase detector 16 with the reference clock signal control action is initiated based on the output from shift 
CLKIN as divided down by divide by N counter 14. register 18. 

Characteristics of the inputs to phase detector 16 at The second harmonic of signal is represented in 
periodic points in time, known as alignment times, 5 FIG. 4. The second harmonic, designated 2xf At by 
should occur simultaneously. Alignment here will be definition is twice the frequency of signal The rising 
discussed with respect to the rising leading edge of the leading edge of every other cycle of the second har- 
output of divide by N counter 14 and the output of monic occurs concurrently with the rising leading edge 
divide by M counter 24, although the invention is not of the desired clock signal The concurrent occurrence 
limited thereto. 10 of this characteristic permits the phase-locked loop to 

With clock generation circuit 12 operating to pro- harmonically lock. If the phase-locked loop harmoni- 
duce an oscillator clock signal, which may be at the cally locks onto the second harmonic, the phase genera- 
desired clock signal frequency or a harmonic frequency, tor circuit would produce a phase delayed signal, such 
the output of divide by N counter 14 and the output of as signal 2 X U quad, at the same frequency as the sec- 
divide by M counter 24 are at the same frequency. 15 ond harmonic but phase shifted therefrom, preferably 
Phase generator circuit 26 receives the divided down 90°. With these inputs to the shift register, the shift 
oscillator clock signal as an input and generates an out- register provides an output, OUT, shown in FIG. 4 that 
put that is a phase of the divided down oscillator clock is a repetitive sequence of logic states, 101010. 
signal. The phase may be generated in any manner Since the shift register output does not remain at a 
known in the art. In a preferred embodiment, the phase 20 constant level, in the preferred embodiment at the level 
generated is a quadrature phase as quadrature signals of a logic 1, corrective oscillator control action is neces- 
are often present for other purposes and are easily used. sary. Harmonic decode circuit 2$ decodes the sequence 
Phase generation may be a separate circuit as shown or of logic states. Circuit 28 detects that the sequence of 
may be part of the oscillator. logic states output from the shift register repeats each 

The phase of the divided down oscillator clock signal 25 two logic states, indicating the phase-locked loop has 
generated by phase generator circuit 26 provides the harmonically locked onto the second harmonic. Alter- 
clock input to a shift register such as D flip-flop 18. natively, in a digital oscillator control, a register may be 
Flip-flop 18 provides an output that is either a logic one reset to a low state to force the oscillator control to shift 
or a logic zero that can be input to oscillator control 20 operation of the oscillator to another frequency and 
directly to control the phase-locked loop or can be 30 allow operation of the phase-locked loop to hopefully 
decoded by harmonic decode circuit 28. Harmonic settle in on and lock to the desired clock signal fre- 
decode circuit 28 decodes the output from the shift quency. In an analog control, the voltage would be 
register as described in more detail below to ascertain lowered to force the phase-locked loop out of harmonic 
whether the phase-locked loop is locked to a harmonic lock to a lower frequency of operation, 
of the desired clock signal, and if so to which harmonic 35 The third and fourth harmonics of signal t< are shown 
it is locked. Harmonic decode circuit 26 can provide an in FIGS. 5 and 6, respectively. Like the second har- 
output in any known manner to identify the harmonic to monic signal, the third (3 X CO and fourth (4 X CO har- 
which the phase-locked loop is locked, such as binary. monic signals have rising leading edges, every third and 

A representative divided down reference clock signal fourth cycle, respectively, that occur concurrently with 
output from divide by N counter 14 is shown in FIG. 3, 40 the rising leading edge of the divided down oscillator 
as signal f B . A representative divided down desired clock signal. Shown with the third harmonic in FIG. 5 
clock signal output from divide by M counter 24 is is a 90° phase sruTted third hannomc 3 Xf^etMZ>and the 
shown in FIG. 3, as signal fc. Signals f A and fehave the output, OUT. Thus, if the third harmonic is generated 
same frequency. Signal quad is signal U phase de- by clock generation circuit 12 and the phase-locked 
layed by 90" by phase generator circuit 26. Signal OUT 45 loop harmonically locks onto the third harmonic, the 
represents the output from the shift register and, with output OUT of the shift register would be a repetitive 
these inputs to the shift register, is a sequence of logic sequence of 1 101 10 which could be used to take direct 
°™ f \ oscillator control action as described above. Circuit 28 

With the above understanding of the operation of the detects that the sequence of logic states output from the 
circuit of FIG, 1, the operation of the circuit of FIG. 2 50 shift register repeats each three logic states, indicating 
has also been explained. Reset 34 detects when the out- the phase-locked loop has harmonically locked onto the 
put of shift register 18 does not remain all logic ones, third harmonic. 

corresponding to the frequency generator locking onto Shown with the fourth harmonic in FIG. 6 is a 90' 
a harmonic frequency, and forces the frequency genera- phase shifted fourth harmonic 4Xf A quad and the out- 
tor to a lower frequency of operation. The output from 55 put, OUT. If the fourth harmonic is generated by the 
the shift register could also be provided to a harmonic clock generation circuit 12 and the phase-locked loop 
decode circuit (not shown) in FIG. 2 to determine harmonically locks onto the fourth harmonic, the out- 
which harmonic the frequency generator locks onto. • put, OUT, of the shift register would be a repetitive 
Harmonic decode circuit 28, shown in FIG. 1, de- sequence of 11001100 which could be used to take di- 
codes the sequence of logic ones to indicate the phase- 60 rect oscillator control action as described above, or 
locked loop has locked onto the desired clock signal could be decoded by harmonic decode circuit 28. Cir- 
frequency. When each output from the shift register is cuit 28 detects that the sequence of logic states output 
repetitive of the previous states, the phase-locked loop from the shift register repeats each four logic states, 
has locked onto the desired clock signal frequency. In indicating the phase-locked loop has harmonically 
the preferred embodiment, the sequence of logic ones 65 locked onto the fourth harmonic, 
provides the sufficient condition to be certain that the FIG. 7 illustrates that the phase of signal i A need not 
phase-locked loop has locked onto the desired clock be the quadrature phase for the harmonic lock detector 
signal frequency. Since the phase-locked loop locked circuit to detect harmonic locking. Signals f A and f B 
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from FIG. 3 are repeated. A phase shifted U phase the shift register to ascertain the harmonic to which the 

having the same frequency as signal i A > phase delayed phase-locked loop is locked. 

by approximately 60° is shown. Also shown is the out- g. A system including a circuit for detecting har- 

put OUT from the shift register with signal U as the D mon ic lock of a phase-locked loop, comprising: 
IKS^^ 5 a fre « uencv synthesizer for receiving a reference 

l^^yitS^f 1 ^!^ ^"i i clock « »* a signal, the frequency 

tocked loop has locked onto the desired clock signal synthesizer for generating a phase of an oscillator 

frequency. It can be observed from FIGS 1 and 7 that signal ^ a fr J 

when using a shift register clocked by a rising leading 0 -v a • ♦ * 6 ^r^' , , • , 

edge, any phase shift between 0° and V wil sX? 10 a ^ for receivmg the reference clock signal 

where the rising leading edge of signal f A PHASE is a as an mpu^ and for receivmg the p^ 

sufficient distant fromdther the ^goriJ^J^ ht0r * ^ ^f*?' 

of signal feto avoid ambiguity. providing an output that is a sequence of logic 

Those skilled in the art can easily implement the Sta ! es ' ^register out P ut Providing the con- 

phase-locked loop harmonic lock detector circuit in 15 t f° 1 Slgnal to ^ fr ^ ue *cy synthesizer to change 

silicon. the frequency of the oscillator clock signal when 

While the invention has been described as being im- thQ fre 3 uenc y synthesizer is harmonicaDy locked, 

plemented by an integrated circuit, it is recognized that 9 ; A s y stem t recited in claim 8, wherein the shift 

other embodiments of the invention could be software is a flip-flop. 

implemented. Although the invention has been de- 20 10 A s y stem ^ recited in claim 8, further comprising: 
scribed as an integrated circuit, the invention could be a ^ Ist divide down counter for receiving the refer- 
part of a system. The shift register in the disclosed em- ^ce clock signal and for providing a divided down 
bodiment of the invention has been described as being reference clock signal to the frequency synthesizer 
clocked by a signal having a rising leading edge. Those and the shift register. 

skilled in the art can modify the disclosed circuit to 25 A system as recited in claim 8, further comprising 

accommodate a shift register clocked by a falling lead- a harmonic decode circuit for decoding the sequence of 

ing edge. logic states output from the shift register to ascertain 

I claim: the harmonic to which the phase-locked loop is locked. 

L An integrated circuit for detecting harmonic lock 12. A method of detecting harmonic lock of a fre- 
of a phase-locked loop comprising: 30 quency generator, the frequency generator receiving a 

a frequency synthesizer for receiving a reference reference clock signal and a control signal, comprising 

clock signal and a control signal, the frequency the steps of: 

synthesizer for generating an oscillator clock signal generating an oscillator clock signal defining a fre- 

defining a frequency; quency from a reference clock signal; providing 

a phase generator for receivmg the oscillator clock 35 the reference clock signal as the input to a shift 

signal and for generating a phase of the oscillator register; clocking the shift register with a phase of 

clock signal; and the oscillator clock signal; decoding the shift regis- 

a shift register for receiving the reference clock signal ter output to ascertain whether the frequency gen- 

as an mput and for receivmg the phase of the oscil- erator is harmonically locked; and 
lator clock signal as a clock signal, the shift register 40 controlling the frequency of the oscillator clock sig- 

providmg an output that is a sequence of logic nal in response to the shift register output to 

S*25 ^h'TT ° U * U cha *ee the frequency of the oscillator clock signal 

the shift register is a flip-flop. m * d ^ dm S the shift register output to ascertain to 

3. An integrated circuit as recited in claim 1, wherein w ^^?" c P™?*? * lock t ed - 
the phase generator is a quadrature generation circuit " A method as recited in claim 12, wherein the step 

4. An integrated circuit as recited in claim L further 50 0 'P r0Vldm & reference clock signal as the input to a 
comprising: sm " register comprises the steps of: 

a first divide down counter for receiving the oscilla- dividing down the reference clock signal to generate 

tor clock signal and for providing a divided down a ^M** down reference clock signal; and 

oscillator clock signal to the phase generator. providing the divided reference clock signal as the 

5. An integrated circuit as recited in claim 1, further 55 mput to ^ c shift register- 
comprising: 15- A method as recited in claim 12, wherein the step 

a first divide down counter for receiving the refer- of clocking the shift register with a phase of the oscilla- 

ence clock signal and for providing a divided down tor signal, comprises the steps of: 

reference clock signal to the frequency synthesizer dividing down the oscillator clock signal to generate 

and the shift register. 60 a divided down oscillator clock signal; and 

6. An integrated circuit as recited in claim 5, further clocking the shift register with a phase of the divided 
comprising: down oscillator clock signal. 

a second divide down counter for receiving the oscil- 16- A method as recited in claim IS, further compris- 

lator clock signal and for providing a divided down ing the step of generating a phase of the divided down 

oscillator clock signal to the phase generator. 65 oscillator clock signal. 

7. An integrated circuit as recited in claim 1, further 17. An integrated circuit for deterniining the har- 
comprising: a harmonic decode circuit for receiving monic to which a phase-locked loop is locked, compris- 
and decoding the sequence of logic states output from ing: 
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a frequency synthesizer for receiving a reference 
clock signal and for generating an oscillator clock 
signal; 

a phase generator for receiving the oscillator clock 
signal and for generating a phase of the oscillator 
clock signal; 

a shift register for receiving the reference clock signal 
as an input and for receiving the phase of the oscil- 



8 



lator clock signal as a clock signal, the shift register 
providing an output, and 
a harmonic decode circuit for receiving the shift 
register output and for decoding the shift register 
S output to determine which harmonic a phase 
locked loop in the frequency synthesizer is locked, 
the harmonic decode circuit providing an output 
identifying said harmonic. 
18. An integrated circuit as recited in claim 17, 
10 wherein the harmonic decode circuit is binary. 
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